Study on the central response mechanism in gastric ulcer rats treated by electroacupuncture using ~1H NMR metabolomics techniques by 杨宗保 et al.


















基金资助：国家自然科学基金项目（N o.81473751，N o .81260556），广东省自然科学基金项目
（No.2014A030313005），深圳市科技计划项目（No.JCYJ20160406140612883） 
Study on the central response mechanism in gastric ulcer rats treated by  
electroacupuncture using 1H NMR metabolomics techniques
YANG Zong-bao1,2, SHEN Jia-cheng1, WANG Ya-dong1, LIU Cai-chun1, DONG Ji-yang3, XU Jing-jing3
( 1Department of Traditional Chinese Medicine, Xiamen University, Xiamen 361005, China; 2Shenzhen Research College, Xiamen 
University, Shenzhen  518057, China; 3Department of Electronic Science, Xiamen University, Fujian Provincial Key 
 Laboratory of Plasma and Magnetic Resonance, Xiamen 361005, China )
Abstract: Objective: To study the metabolic profiling of the cerebral cortex, hypothalamus and medulla oblongata from 
irritable gastric ulcer rats treated with electroacupuncture on acupoints of the stomach meridian with 1H nuclear magnetic resonance 
(1H NMR) spectroscopy. Methods: Forty SD rats are randomly divided into the control group, the model group, the stomach meridian 
group and the gallbladder meridian group. The irritable gastric ulcer rat model was established by water-immersion and restraint 
stress method. After modeling, the rats from the stomach meridian group and the gallbladder meridian group were treated with 
electroacupuncture on the stomach meridian and gallbladder meridian respectively. 1H NMR spectroscopy was applied to detect 
the metabolic profiling of the cerebral cortex, hypothalamus and medulla oblongata, then analyzed metabolic contour differences 
among the groups using pattern recognition method. Results: Obvious distinctions were found between the metabolites spectrum of 
the cerebral cortex, hypothalamus and medulla oblongata from the model group, the normal group, the stomach meridian group and 
the gallbladder meridian group. More significant differences were found between the normal group and the model group, while the 
metabolites spectrum of the stomach meridian group was more distinctly close to that in the normal group, indicating that metabolites 
spectrum of the stomach meridian group was likely to normal. Compared with the model group, the concentration of lactic acid, 
acetic acid, mannitol increased while creatine, adenosine and inosine decreased in cerebral cortex of the stomach meridian group 
(P<0.05), the concentration of lactic acid, glutamic acid, inositol and alanine increased while gamma aminobutyric acid decreased 
in hypothalamus of the stomach meridian group (P<0.05), the concentration of lactate, glutamate, myo-lnositol, alanine increased 
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(P<0.05) and naphthylacetic acid and creatine decreased in medulla oblongata of the stomach meridian group (P<0.05). Conclusion: 
Electroacupuncture on acupoints of the stomach meridian could regulate specific metabolites in the cerebral cortex, hypothalamus 
and medulla oblongata, indicating that the cerebral cortex, hypothalamus and medulla oblongata as the central response site in the 
treatment of gastric ulcer by electroacupuncture on acupoints of the stomach meridian.
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图1 大鼠胃黏膜组织光镜观察结果（×100）









注：a. 所有样本；b. 模型组与正常组；c. 模型组与胃经穴组；d. 
模型组与胆经穴组。●正常组；▲胃经组； 胆经组；■模型组。图
4、图6同。
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·研究报告·
基于CaMK4水平探讨解毒祛瘀滋阴方对MRL/lpr
小鼠Th17/Treg平衡机制的影响
 水冰洁，魏静，高俊，丁兴红
（浙江中医药大学，杭州  310053）
摘要：目的：考察解毒祛瘀滋阴方通过钙/钙调蛋白依赖性蛋白激酶-4（CaMK4）来调控Th17/Treg细胞免疫
平衡的作用机制。方法：将40只8周龄雌性MRL/lpr小鼠随机分为模型组、解毒祛瘀滋阴方组（中药组）、CaMK4
抑制组（KN-93组）以及醋酸泼尼松组（西药组），另选10只8周龄雌性C57BL/6J小鼠作为对照组。连续给药10
周，进行尿蛋白含量测定；剥取小鼠淋巴结和肾脏，计算脏器指数；HE染色观察小鼠肾脏组织病理学变化情
况；检测小鼠血清中NO浓度；RT-PCR以及Western blot检测脾脏T细胞中CaMK4的表达水平；流式细胞术检测
Th17细胞和Treg细胞的百分率以及两者的比例。结果：解毒祛瘀滋阴方能有效缓解MRL/lpr小鼠淋巴结、脾脏肿
大（P<0.01），显著降低尿蛋白以及血清NO浓度（P<0.01，P<0.05），改善淋巴结和肾脏病理状态。并且，中药
组小鼠脾脏T细胞中CaMK4 mRNA及蛋白表达水平与模型组比较，显著降低（P<0.05，P<0.01），脾脏中Th17细
胞显著下调（P<0.01），Treg细胞显著上调（P<0.01）。结论：解毒祛瘀滋阴方能够降低MRL/lpr小鼠脾脏T细胞
中CaMK4的表达水平，促使Th17/Treg细胞比值趋向于正常水平，提示解毒祛瘀滋阴方通过CaMK4信号通路调控
Th17/Treg细胞的免疫平衡可能是其治疗系统性红斑狼疮作用机制之一。
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